Background: Type 2 diabetes mellitus (T2DM) is one of the most common chronic metabolic diseases. Increased cause-specific mortality and decreased disease-free survival (DFS) have been reported among cancer patients with T2DM compared with patients without T2DM, even after adjustments of other comorbidities. However, less is known about the impact of T2DM and other comorbidities on DFS in Chinese patients with early stage triple-negative breast cancer (TNBC).
Introduction
The People's Republic of China has one of the fastest growing rates of breast cancer in the world. In recent years, breast cancer incidence has increased at an annual rate 
2148
Ma et al of 3% in the People's Republic of China, and breast cancer has become the most common cause of death among urban women. In many other countries also, breast cancer is a significant cause of death among women. 1 Triple-negative breast cancer (TNBC) refers to a type of breast cancer that does not express estrogen receptors, progesterone receptors, or human epidermal growth factor receptor 2. Because of these characteristics, endocrine therapy and targeted therapy are not effective treatments for this highly aggressive form of breast cancer. [2] [3] [4] Individuals with TNBC exhibit increased mortality compared with the individuals with other subtypes of breast cancer. [5] [6] [7] Type 2 diabetes mellitus (T2DM) is one of the most common chronic metabolic diseases. This disease may result in serious conditions and has a poor prognosis. 8, 9 Malignant tumors may be associated with the chronic stimulation of high blood glucose to normal organs, which is induced by T2DM. As of 2008, 40% of all T2DM patients in the world live in the People's Republic of China and India. T2DM is associated with many cancers, including breast cancer, 10 pancreatic cancer, liver cancer, [11] [12] [13] and bladder cancer.
14 Increased cause-specific mortality and decreased diseasefree survival (DFS) rates have been reported among cancer patients with T2DM compared with patients without T2DM, even after adjustments of other comorbidities. 15 Early stage breast cancer patients with T2DM in Asia 16 and America 17 are also reported to exhibit a poor prognosis. The incidence of T2DM is increasing rapidly in the Chinese population as a whole, and T2DM is therefore expected to be common among breast cancer patients. The impact of T2DM on breast cancer patients has been studied extensively, [18] [19] [20] [21] [22] and the clinical characteristics of TNBC patients with T2DM have also been discussed. 23 However, less is known about the effects of T2DM and other comorbidities on the DFS outcomes of Chinese patients with early stage TNBC.
Cancer treatment can be divided into three steps. Primary prevention is to eliminate or reduce possible carcinogenic factors and prevent the occurrence of cancer. Secondary prevention is to diagnose cancer in its early stage and treat it in a timely way. Tertiary prevention is to improve the quality of life, relieve the pain, and prolong the life. Secondary prevention of TNBC is as important as primary prevention. Therefore, we conducted this retrospective study to examine the influence of T2DM on the prognosis of early stage TNBC. If we can control the risk factors of poor prognosis in patients with TNBC, we can improve the survival and quality of life of these patients.
Patients and methods Ethics
All samples were anonymously coded in accordance with local ethical guidelines, and written informed consent was obtained. This study was approved by the Review Board of Fudan University Shanghai Cancer Center and conforms to the principles outlined in the Declaration of Helsinki.
Data source
We assessed patients who were newly diagnosed with early stage primary TNBC at the Department of Breast Surgery, Shanghai Cancer Center (an affiliate of Fudan University) between 2003 and 2011. A total of 1,100 TNBC patients were identified histopathologically and treated. Of these, 235 patients had no follow-up data, and the remaining 865 female patients exhibited invasive early stage TNBC according to the criteria described by the World Health Organization (WHO) classification. T2DM and hypertension were diagnosed before the diagnosis of breast cancer, and all of these patients received standard treatment.
Diagnoses were based on the following criteria: 
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Impact of T2DM on early stage TNBC the patient had recurrent or metastatic disease or had died at the end of the follow-up period.
Other basic data, including the specific pathological type and lifestyle data, were not analyzed in the present study because this information was not available in some cases. Follow-up information was recorded from outpatient department records and personal contact with the patient via mail and phone calls.
Statistical analyses
DFS was defined as the time from the first diagnosis of breast cancer to the initial occurrence of disease relapse (local, regional, or distant). Patients without any evidence of relapse or death were censored at the last date they were known to be alive. The Statistical Package for the Social Sciences 18.0 software package (SPSS Inc., Chicago, IL, USA) was used for statistical analysis. Correlations among the variables in the T2DM and non-T2DM groups were determined using the Pearson's chi-square and independent t-tests. DFS durations were estimated using the Kaplan-Meier method and compared using the log-rank test. The effects of T2DM and other possible risk factors on DFS were assessed by Cox proportional hazards regression using univariate or multivariate analysis, via the adjusted hazard ratio (HR) and the associated 95% confidence interval (95% CI).
Adjusted HRs in subgroups defined by age (.50 or #50 years), tumor size (.5 or #5 cm), menopausal status (post-or premenopausal), lymph node involvement (positive or negative), and adjuvant chemotherapy status (chemotherapy or no chemotherapy) were determined to examine whether the effects of T2DM on DFS were consistent across different patient populations. A two-sided P-value (P#0.05) was considered statistically significant.
Results

Demographics and clinical characteristics
A total of 865 early stage primary TNBC cases were studied, including 104 (12.02%) subjects with T2DM and 761 (87.98%) subjects without T2DM. The demographic and clinical characteristics for the two groups are presented in Table 1 . The median follow-up time for this study was 32.46 months (range 1-120 months). Compared with patients without T2DM, patients with T2DM were older (mean age, 56.91 years vs 50.48 years; P,0.001), more likely to be postmenopausal (P,0.001), more likely to have hypertension (P,0.001), more likely to have a BMI $25 (P=0.04), and more likely to use adjuvant chemotherapy (P,0.001). Metastatic or recurrent disease occurred in 24 (23.08%) patients in the T2DM group and 35 (4.60%) patients in the non-T2DM group at the end of the follow-up period. It was not possible to determine the overall survival rates, as the mortality rates were low: 3 (0.40%) patients in the non-T2DM group died and 0 (0%) patients in the T2DM group died. Tumor size, lymph node involvement, presence of lymphovascular invasion, and histological grade did not differ significantly between the two study groups. (Figure 1 ; P,0.001). Similar results were observed when patients with positive lymph nodes were compared with patients with negative lymph nodes (Figure 2; P=0.003 ). The DFS rates at 2 years for patients with and without T2DM were 78% and 97%, respectively. The DFS rates at 2 years for patients with positive and negative lymph nodes group were 93% and 96%, respectively. 2. Univariate analysis of potential factors predicting DFS for TNBC patients: When risk factors predicting DFS for TNBC patients were considered individually, age .50, high blood sugar levels, postmenopausal status, positive lymph node involvement, and adjuvant chemotherapy all appeared to be associated with lower DFS rates (P,0.05; Figure 3A and B), tumor size .5 cm or #5 cm ( Figure 3C and D), postmenopausal or premenopausal patients ( Figure 3E and F), patients with positive and negative lymph nodes ( Figure 3G and H), and patients who either received or did not receive adjuvant chemotherapy ( Figure 3I and J). Multivariate analysis also verified these results and demonstrated that the ranges of the adjusted HRs were 3.525-19.086 for DFS in these groups, as shown in Table 4 .
Discussion
Intensive research on the diagnosis and prognosis of patients with breast cancer has been ongoing for some time. 
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Impact of T2DM on early stage TNBC overexpression can induce the malignant transformation of mammary gland epithelial cells. Therefore, in subsequent studies, we will further investigate IGF and IR. There is a confirmed relationship between T2DM and an increased incidence of breast cancer. [29] [30] [31] [32] In our study, the proportion of patients with T2DM was 12.02%, which is similar to prior reports. T2DM generally occurs among older, postmenopausal women with other comorbidities such as hypertension and obesity. In the present study, patients with T2DM were older (P,0.001), more likely to be postmenopausal (P,0.001), more likely to exhibit hypertension (P,0.001), and more likely to be obese (P=0.04) compared with patients without T2MD. There were a greater number of patients with recurrent or metastatic disease in the T2DM group (P,0.001). In addition to T2DM, age (.50), postmenopausal status, lymph node positivity, and the use of adjuvant chemotherapy might also contribute to the prognosis of early stage TNBC patients. Although old age and postmenopausal patients represented a large proportion of the patients in the T2DM group, they were not independent prognostic factors for DFS. Only T2DM and the presence of lymph node involvement were independent prognostic factors. Positive lymph node status has been confirmed as an independent risk factor for worse DFS and overall survival (OS) in almost all types of breast cancer, [33] [34] [35] especially in patients with TNBC. 36 However, in the present study, we were not able to analyze the specific lymph node classification because of lack of data. Because of the characteristics of TNBC, the patients in this study received similar treatment, without endocrine or targeted therapy, which may explain why age (.50) and postmenopausal status were not independent risk factors for lower DFS when we adjusted for other demographics and clinical characteristics. Tumor size, [33] [34] [35] histological grade, [33] [34] [35] BMI, [37] [38] [39] [40] and blood pressure have been demonstrated to be correlated with DFS in early stage breast cancer. However, in the present study, we did not observe a significant correlation between these clinical factors and DFS. Several factors may explain this discrepancy. First, the study was highly selective, and patients with T2DM tended to be older; thus, other factors may have influenced prognosis in this group of patients. Second, the sample size may have limited our analysis. Finally, the data we gathered were somewhat limited, and there was some missing information. Furthermore, the prognostic influence of T2DM was consistent across almost all subgroups, including patients with age .50 or #50, patients with tumor size .5 cm or #5 cm, postmenopausal and premenopausal patients, patients with positive and negative lymph nodes, and patients who either did or did not receive adjuvant chemotherapy. Clinicians have evaluated patient prognosis and the efficacy of treatment using histology, lymph node status, immune histochemical staining, and genetic analyses. However, due to the variable clinical manifestations of breast cancer treatment and the variable effects of different treatments, the aforementioned indicators alone cannot completely predict prognosis and outcomes. More indicators are needed to assist in systematic assessments. Variations in histology and the tumor microenvironment play important roles during tumor formation. Some diseases may induce microenvironment changes, such as an increase in growth factors, to increase the risk of recurrence and metastasis. We, therefore, performed this retrospective analysis to examine the prognosis of patients with T2DM and TNBC. The present study demonstrated that T2DM is an independent predictor of worse DFS in Chinese patients with early stage TNBC. This is the first study to investigate the association between T2DM and DFS in a Chinese population with early stage TNBC. Although previous studies have also reported that T2DM is associated with worse cancer outcomes, including higher mortality, recurrence, and metastasis rates, [24] [25] [26] [27] the particular influence of T2DM on early stage TNBC has not been established, because these prior studies did not specifically focus on this patient group.
This retrospective study demonstrated that T2DM is an independent predictor of poor DFS in Chinese patients with early stage TNBC; however, the mechanism underlying this finding is unclear. A new study suggests that high insulin levels and insulin resistance increase the risk of breast cancer and indicate poor prognosis in patients with breast cancer. T2DM can promote the development of breast cancer by altering the insulin-like growth factor (IGF) and insulin signaling pathways. 28 The first step in the activation of the insulin pathway is the interaction of insulin with the insulin receptor (IR). The IR plays an important role in activating the insulin pathway in breast cancer and its 
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The present study has several limitations that must be addressed. First, the association between T2DM and mortality was not discussed due to the following reasons: 1) all the patients included in the study had early stage disease; 2) preventive and treatment approaches are improving; 3) the follow-up time was 
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Impact of T2DM on early stage TNBC bias. Additionally, the use of nationwide databases would prevent the selection bias that is inherent in single-institution studies.
Although our study has some limitations, we shall focus more attention on early stage TNBC in future studies.
Conclusion
In conclusion, among Chinese patients with early stage TNBC, T2DM is an independent prognostic risk factor that indicates a greater likelihood of recurrence and metastasis. T2DM should be considered when evaluating patients with early stage TNBC and choosing a treatment approach. Furthermore, early stage TNBC patients with T2DM require better therapeutic regimens. Controlling the factors that lead to a poor prognosis may improve the outcomes of patients with TNBC. 
OncoTargets and Therapy
Publish your work in this journal
Submit your manuscript here: http://www.dovepress.com/oncotargets-and-therapy-journal
OncoTargets and Therapy is an international, peer-reviewed, open access journal focusing on the pathological basis of all cancers, potential targets for therapy and treatment protocols employed to improve the management of cancer patients. The journal also focuses on the impact of management programs and new therapeutic agents and protocols on patient perspectives such as quality of life, adherence and satisfaction. The manuscript management system is completely online and includes a very quick and fair peer-review system, which is all easy to use. 
